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The flight tests were oeaatly assisted by the personnel

available by the Commanding Officer of

and facilitiss made

Murco Borbing and Gunnery Range Detachment.

the
s installed at

The major portion of the Jjeot aquivment WA

the Lockheed Airport, Byrbank, California and the Fagific

Armotive Oorp. kindly parmitied the use of some of their

squipment.
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INTRODUCTION AXD SUMMARY

During Auzust, 1941, the Air Corps Jet Promilsion Reasarch
Project suocessfully completed a series of flis:t tests with the
Ergoupe, & light airplane, equipped with six 25 1b. thrust solid
propellant jet units.

The results of ths tests showed that

auxiliary jet propuleion could, with sreat advantare, improve

aireraft take-off porformance, and nlso “lisht performance for

short periods of time. (Cf. Ref. 1)

The 8011d propellant jet units ueod in these flisht tests
were later found to have unsatisfactory etorase qualities,
necessitating further research bteforo larser units of thio type
could be recommsnded for esrvice. applications.
Paralleling the solid propeallant reeearch, work was being

carried out by the Project on jet units of the liguld nrovellant

type. The enzinsering devslopnent of the 1linuid jet unit culminated ‘

raridly vhen a guitable oxidizer mand fuel wore discovered. The

Materiel Cantsr chose the A=20A airnlane for the flisht teate

analyzed in this report. The develooment of the ligald propollant

installation and ite onsration during the flisht tests are described

in Reference 2.

The results of ths A=-204 f1i-ht testa indicate that the take=

sven

off characterietics of an alrcraft can be greatly improvs

though the airplane has not besn orizinally built to incorvorats

auxiliary jet propuleion equivment. In new types the vrovision

for such eyuirment will periit ~reater fresdom in the deasim

1

the aircraft for optimum nerformance, esrecially ne re-aris rance
LS ikl 2% ok A
CONFInTITIAL
vas;e .
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and useful load carrying capacity.

V. J. lartin in Reference 3 etates that rnpid advances in the

desizn of hirh speed airnlanes »ith hish wine and power loadings

have nade the problem of takeeoff merformnnce one of major importance.

Provellers chosen $o glve maximum efficiency at normal
cruising or high sneed are, as a result of such selection, usunlly
very inefficlent in the take-off reglon. Fower londinss are kent
as high as possible to increase range and nevload, resulting in
lower thrust-weisht ratice. Hirh speed nerformance necessitatee
hirh wing londings to reduco marasite dragz, with the result that
take-of f peads are incrensod. Those and othsr factore terd to
increnee the take-off dlstance to an extent such that they hecone
eriticenl in desisn, often doterninings the limiting valuee for
vower and wing loadingzs, and rroneoller dilameters.

In tht oninion of Dr. G. P. Thomson of Ensland and also or
the author, recent develovnents in the methods of neslstins the
take-of f of conventionnl alrcm.f.t. have mnde it nossible to desisn
future alrcraft to fulfill efficiently thelr nein purpose=-to fly.

Take-off prerequisites are no longer critical snd need not hinder

the alrplane desiener. Landinz of tho aireraft 1s thus the only
remaining shacklo that the ground imposes on the deslgner.

In the A-20A flizht tosts two jot unite sach supplyins 1000
1b. thrust for seconds were installed. If srenter reductions
in take-off distace or lar:er overleade are deeired, jot units
deliverins hirshar thrust ean he installed. Prelininary exncrimsnts
have already been 'nads by the Project with n sirsls Jet unit Fiving
2 1b. thrust.

The f11-ht teat alyzed in this revort f
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on the following rroblems:

1. ZEffect of auxiliary jot rropulsion on the reduction of
take=of f run and distance to clenr 50 ft, wi th and with-
out overlond,

.
Effect of auxiliary jet propulsion on hizgh sveed at
5,000 and 10,000 £¢. altitude,
Effect of Jet thrust on 8tadility and econtrol,
Effect of blast from the Jet units on rarts of the airnlane,
Rellablllty of the jet installntion,

Table I the salient points of the £1isht tests are summarized.

TABLE I.
| A=204 A=200 with | Percent !
ITEY | Without 2000 1b. |Reduetion
( fu'et. Thrust | Jeg ‘hrust | ]

.If_A_-_-__;_-.-__—

= - z 13
f*'a.ke-off‘ distance fep 17,500 |

1b. sross wei tht, ft. [ 15k | ( 29,9

1 tem=off time for 17,500 1b,
ToBS weizht, gec.

Hstanco to clear 50 ft. for
17,500 1p, Aross welight, ft.
[l
| Tine to clear 5o ft. for
17,500 1b. eroms welsht, soc,
lake~of{ distance for |.‘. )
1b. gross wet tht, fr.

‘alcamof f t: for 20,000 1p.
arose weipht, mec.

Distance to clear ft. for
»000 1b. pross weight, ft.

tims to clenr ¢ ft. for 20,00
+ fross welisht, sec.

aximur indicated airaneed
at ¢, ft., m.p.h,
| (Increasa)
" indicated airspeed |
at 1 ’ ft-. Mepoh. ] |- 1 17.2 |

| (Ir-(.‘]'l—’\ﬂf‘-‘ |




GALCIT Proj. Fo. 1 Pagze L.
Rep. Fo. 12

On ths basis of the flisht tests ths following conclusions
can bte drawn:
1. Ths reduction in take-off distance and time dus to auxiliary
Jet thrust apgress with thsoretically predicted values very
closely. The reduction in distance to clear a hoight of
50 ft. is not as lar;e as expected and furthor f¥isht
tests with a ssrvice type jet installation are recomnended.

The £lisht tsste indicnte thai larre increasss in maxirun

speed can be obtained by means of auxiliary jet promulsion.
Comnrehsnsive fli~ht tests with a jet installation deliv~
erinz thrust for a period of apnroximatsly one ninute are
Justified.

The use of twin jet unite in the A=POA nncells cones
caused no difficulty with statility and eontrol. Control

of the airplane was satisfactory even when only one jet

nit wms deliverins thrust. The pllot remarked that the
airplrne handled much easisr than nor-ally durings the
toke-off phnses when the jet units were onsrntin-,

The blast from the jst units cnused no adverse effscts
after the fabric coverinz of the elavators wes treated

with fire-resietont paint and aluairized varnish. Recsnt

experinents at the Project indicate that the jet flame cen
be effectively reduce’ bLy the addition of certain chenicals
to the oxidizer so that treatment of the fabric on the
A=20A elevators could be disrensec with.

Durinz the flight tssts bl successive jot motor rurs wers

wde without any nisfires or esplosions. On the basis of

he exrerience #alnod durins the flizht tests and followings
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recommendations of the Materiel Conter service type 1000

1b. thrust, 25 secong Jot unit can pe desismed., The
Sorvice type unit is oxpacted to have g value of at leagt
3.2 for the ratio of Jet thrusg to full meipht of the Jot
unit and 2 value or 6 when the Jet unit 15 emnty. The
Tatio of immulge delivored to the full weirht of the Jot
installntinn would have a valye of 30 1b. gec, ver 1b,,
which is ng high na has been 80 far obtained with the
beat unrentrlntad-hurnlnp, tvre of molgd Pronellant jet

unit,
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Engines
Tright R=2600-17.
Take=off npower rating==1600 hepe at 2400 r.p.m.
Pronellsrs
Hanmilton Standnrd 3~blnde constant sreed.
Propeller diameter--11 ft. 3 ir.
Digtnrce to take-off over 50 ft. obstacle~=2320 ft.
(Bote: This fisure is baeed on manufacturers suaranteed
ostimnte.)

The A=204 had a number of desirn charncteristice that made it

vary favorable for flight tests to determine the effect of suxiliary

jet nropulsion on airplane verformance. The tricycle type landing
qeay nesured directionsl etability durine the ground run. Each
meelle cona provided safficient nnused vslume for the installation
of 2 1700 1b. thrust Jet unit and furthermore pernitted the Jjet

. thrust t.o act alon~ the line of proveller thrust.

The thrust axis when projected rearward cleared tho horizontal
tall) surfaco by A sufficient amount to 11’110-" the jet bleet, if
necessnry, to extend beyond the tail. In Figs. 3 and I are dramn
& side and top view of the A=20A tosether with outlines of the actual
Jet tlnsts.

In the fore egection of the bond bay two commercial nitro-en
v or suoplying vrovellant feed pressure were mounted. In the
aft soction of the bormb boy a separete hydraunlic system wans installed,
mince it vns not considered ndvissnble to use the system already on
the airpl .

he rear cocikmit, normally occunied by a punner, was converted

et operator's comrartment. From hie sent the jJet operator
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I11. DESCRIFLION QF JHE JAT INSTALLATION

The 1000 1b, thrust 1iquid propellant jet unit designed for
installation on the A=20A airplane is tho culmination of three years
of development work carried out dy the Liquid Propellant Ssotion of
the Air Corpe Jet Promuleion Researoh Project at the Califormia
Inetitute of Technolopgy.

The development periocd wms spent in investismting a mumber of
special nrbblem that arose from the specifications set up by the
Arnmy Alr Forces lateriel Center for a jet unit suitable for instal=
1ation on aircraft to (1) improve take-off nerformance, (2) increase

the maximum opeed for A veriod of the order of ome ninute, and {3)

ingrense the rate of clinmb for a similar period of time.
The evecifications included the following noints:
a, The revlacement of ligquid oxy~en by an oxidizer that is
more oeli.'!.y transported and handled.
The ues of A fuel that is most advantapeous for the J'ot
unit as long as it is easily handled and avallable in

large quantities.

Bt L TR L

The choice of a propellant supnly syatem that would neces=

sitate the least poseihle alteration to existine airoraft.

The design of the jot unit to smphasize 11, htreee in weight
and conpactnessa.

Tha restriotion of the size of the exhaust Jet to a minimum
roesible.

The control of the jet unit to be automatic to the extent
that operation of the unit is feasible by the pilot from

thr cocanit,
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A muitable oxidizer for replasing liguid oxygen was found Wy
J. ¥, Parsone in 1939 and preliminary experiments with the oxidizer

are described in Reference U, At first extensive ron‘lroh s

oarried out with gnaoline ae 8 fuel. (Reference 5) The ipmitien

of this fuel with the oxidizer presented a serious problem.. Then,
when in an installation designed for light weisht an unatabdle type
of oscillation anpeared during the combustion process, after imition
was accormplished, the rmeoline was replaced, at the su~-rastion of
ths author, by a new fuel. This fuel {:mites spontaneously with

. the oxidizer, in an arnrorriately designed jet motor, thus elininw
ating the necessity of an auxiliary iemition system. The apid
rate of turnin~ of the new fuel with the oxidizer does not give rise
to the unstadle o-cinattc:.n which oocured with greoline,

The design of the Jjet unit was developed under the direotion

of Dy, X, Susmerfield who also supsrvised the desisn of the A=20A

Jot unit installation which was earried out by V. B, Fowsll and
K. 4, Crofut. A detalled description of the Above work is reported
in Reference 2.

Sinoe this rerort is concerned primarily with the flight tests
of the A=20A airplane the jet provulsion inetallation will be die=
cussed here only briefly.

The jet promilsion equimment was constructed at the Air Corps

Jet Propulsion Research Project. Two identical jet units sharacter-
ized by the following verformance snecifioations were built:
Rated thrugteseccscoseccssssecesss 1000 1b,
Duration of rated thrustsee........”} seconde.
Propellant consunmntion.c.scececeess5.76 1be per seo.
Propellant feed pressureccecces-...5) 1b. per eausre inch,

Chanber preasur@eccciccssssssccccses? 1bs mor square inch.




GALOIT Proj. No. 1 Page 11,
Rep. Bo. 12

In Fige 8 8 photograph of the jst motor is showm and in Fig. 9
a typioal curve of thrust delivered as function of time.

Singe the main yurpose of the projected flizht tests was Vo
gain exmerienos with the aneration of a liguid rropsllant tyve of
Jot unit on an airplane, effort vas directed toward achieving safaty

and reliability rather than lighiness and ease of eervicing. In

fact, by the time the airmlane s ready for the supsr=performance
tests it had become a mdimontary flyinsz jet laboratery.

The jet installation consisted of thesme comnonent parts:

1. Two jet wntors: one located in each nacells oone.

2. Four vnrongllant tanks; tws located in each nacslle cone.

3. Two remotely onerated nropsllant throttle valves; one
located in each lnz\cene cone.

4, A pair of carbon tetrachloride fire extingulshing sprink-

-

lers in each nacelle cone.

5. Two co-mercial 200 cu. ft. nitrogen tanks in the forward

bomk day.

)
S
b
t
4

6. 4 nitrogen yressure re/ulator in the rear mnner's cockpit.

7. HBydraulic system for onerating the provellant throttle

B

walves.

:'.-:s;l'?

8. Signal systen between the pilot and jet onerator.

A complete circiit diamran of ths instellation is arawm in

em———

Fipe 10, Two visws of the uncovered jet unit nounted in the nacelle
eone are shown in i'1,v,s. 11 and 12 and with the nacalle cone gover
in place in Fiz. 13. An excellent idea of the cize of the nacelle
jeot installatinn can bs obtained by referrins te Fip. 1k,

Views of the mounted nitrossn tanks, the hydraulic system, and
the jet oparntors comy rtnent are shorn resnectively in Figs. 15,

1%, and 17.
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The weights of the oomponent parts of the jJet inatallation
are itemized in the following breaidownt
2 Jeb MOOTBecscsrrocrcncsassssnsonssosseerlBO 1be
} propellant tonkSesesc.cescccssaseaccocecelli?

2 commercial phtrogen tankdeeceo:.ceceeccsss25]

Valven, controle, and 1ineBecsepcccsscsece&d

+
Complete Jet units, OMPLYecsc.ccosesscccosevsns HUE 1be

. Propellantsececese iccciccrccrarnnsonceessde288
NLLTOR®Ne e cascasanarsrsesssscssessssesssreeslb
- Complete jet urite, fullececiiccccessrcarsesceeedT2 1
Instruments, suxiliary hydraulic system,
fira extinguisher ayetens, armor plate,
shool abgorbers, nacelle reinforcenent,
and miscellaneous SEFUCtUT@eccsessvesne ...._’05_0 1b.
Total weizht of experimental installations.....lk22 1b.
As previcualy stated the adbove weights are much larger than
necessary in & gervice tyne of installation. For example, since
the coapletion of the flight tests the woisht of the jet motor has
been reducsd from 90 lb. to approximately 25 1b, or 50 lb. for two
Jst motors corrvared to the 140 lb. weight of the experimental motors.
A servigce type of jet installation for the A=20A airplane,
delivering 2000 lb. thrust for 25 seconds, 1is in the desirm stare
at present, and has all the equipment in the space avallabdble in the
nacelle cones with the exception of the pilot control. 'The sstimaged
welght of this design 1s 370 lb. empty, (75 lb. with propollant and
-nitrosen tarxs full, 1 is corresronds to a thrust to weight ratio
(2000 2 625) of 3.2 and an inpulse to weicht ratio (2000 x 25 & 625)
of 80 lb. sec. per 1d.
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The experimsntal Jet installation used in the A-20A f1ight tests
wos completely satisfactory from the noint of view of reliabilisy.
A total of kb successive jet motor runs were made without any nig=
fires or explosions. During the preliminary experiments on the aire
plane fsulty check velves interfsred with the propellant flow in
the risht jet unit and the lack of & vent hole in the hydraulic

resorvoir caused lack of synchronization in the starts of the two

Jot units. After these nwechanical difficulties were discovered

the operation of ths Jet equirment was As blmhaé:.
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Iv. JLIGHT TRST ZROCIDUIE AND RESCRIPIION QO ZRSIR

The flisht teats of the A=20A airnlane wers oarried out at

luros Dry lLeke, U, 5, Air Forces Bombing and Gunnery Zange, Mureo,

California, during the veriod April 7 to Aoril 24, 1942, A special

take=off oourse was laid out on the lake bed at the north end of

the lake. A strine apnroximately 3 feet wide and 12,000 ft. long

was marked with rond oil to assist the pilot in keepinz a stralpght
path durings the take-off run.

Take=off performance with and without auxiliary jet provpulsion

was recorded in camerass sct up by the Flight Englneerins and Pactory

Inspection Division of the Civil Aeronautics Adninistration. A
desoription of the personnel, equipment used, and the results of
the analyais of the film exposed are given in Army Air Forces
Report lio, 3 entitled "Space Wime Fecnrds of Take-off Performance
of A=20A Airnlane With and Fithout Assistance fron Jot Propuleion.”
A o&py of this renort is reproduced in Appendix A of this renorti
In order to obtain an immpdiate eatimnte of the take-off per=

formance the take-off distance was observed visually and the take-

off time was clocked with a stop=watch. 1he results of these ohsere

vations are tabulated in iahle 11,

These Tables alao include a complete list of tests th~t were

carried out on the airulans with jet units inatalled. A discussion
of each test, fron the noint of view of the effect of the jeot unit
inatallation on the airplane, will be discussed later in this segtion.

The develonment of the jet unite nt the Air Corme Jet Promulsion
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Research Project and a critinuo of the operation of tho jet units
during the flight tests can be found in Air Corpe Jet Propulsion
Research Project, Peport No. 13 (Reference 2). A comprehensive
record of these flight tests was obtalned bty means of motion plctures
in color, and a filn 1s available for projection fron a 16 ma..
projector.

In uddi.-tlon to tho take-off distanco and taxe=off time the
following data are given in Tablell: .Grosu welsht, jet thrust,

duration of jet thrust, enzine manifold pressure, proveller r.pe.m.,

and take=off volocity.

The flight test pro~ram called for a bracketins proceiure cone
sisting of an unnsaisted take~off before and after each assisted
take-off. <This procciure waas foiiowed in most cages. A preater
number of take-offe was not carried out duc ¢ L;w limited time
available for the fligzht teets.

" The groes welght of the airplane was determined for each take-
off according to the method described in Appendix B, Although

direct weighing for each test was rot possible it ie estimated

that the gross weisht 1s accurate to within £ 0.5%.

It will be assumed, on the basis of test etand experimente
nt the Projsct, that each jet unit delivered 1000 lb. thrust for

a period of 24 seconds.

the engine manifold pressure, propsller r.pen., and take~off
veloeity were observed visually by the pillot and are therefore
approxinate data only.

The static thrust delivered by the vronellers ws measured
(Figs. 18 ani 17) by meens of n tenelon mare borrowed from the

Structural Reseanrch Depnrtuent of the Lockheed Alreraft Co. It
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s found that at an enzine manifold preszure of 42"Hg and 2500
repsn. the propellers delivered an average static thrust of 5925 1b.
A discussion, in chronolozical order, of the tests carried
out follows!
April 9, 1942
Test No. 1! For the first operation of the jet units the
propellant tanks were filled for a 5 second test. The neaoelle
cones covering the jet inastallations were left off. The airplane
was held stationary and the enzines were run at half throttle.

(Fig. 20) The left jet unit operated satisfaotorily. The right

Jet Gnit ran for 25 eeconds nt reduced thrust and was finally
etopped by the jet operator. The start of the right unit lagged
the left unit by approximately 4 seconds. The right jet unit mas

inspected and it was suspected that metal chips found in the pro=

pellant injector restricted the flow. '

April 10

Test No. 2: Test Wo. 1 was repeated without the enpgines
running. Amin the right jet unit functioned imnroperly. There
wos an indication from the smoky jet blast that the mixture ratio
of the right unit fluctuated during the run. The risght unit was
carefully inspected, but no mechanical fault could be found that

caused thec faulty operation.

April 11

.

Test 5o. 3¢ Test No. 2 waes repeated and again the right jet
vnit falled to deliver its rnted thrust. Both units started to-
ether s#ni the left unit ron satisfactorily.
To diacover the cause of the low propsllant flow in tha right

anit the provellant tanks in both units were filled with water and

run sirmuleted. (Cf. Fig. 21) The flow of water from the right
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unit was found to be at a rnte much lower than from the loft unit,
Tris indicnted that the checic valves in the risht unit were restrict=
ing the flow. Upon removing tho check valves it was found that the
ballsprings were not. of the epocified strensth and under the feed
pressuroe had compressed to such an extent that the flow of each
vropellant wma throttled. It was deolded to completely remove the
check valvee in the nronellant linee in both jet unitse,

Yest No. Ui The static thrust delivered by the airrlane ro=
rellere waz nensured. Romes were attached to the landins sear and
to a /mze vhich =ms anchored to an International Harvester Roustabout.
At a manifold preesure of 42"Hz and 2500 r.n.m. an average atatic
thrust of 5925 lb. was recorded.

April 13

Test No. 5t Test No, 3 was remeated,and with the faulty
check valves removed both jet units operated satisfactorily. The
vropellant mixture ratio wns slipghtly rich in both jet units,

Test No, 6! In preparation for a flirht to determine the
yawing effect of 1000 1b. thrust delivered by one of the Jet unite
a sirulated ground test was 'wnde with the alrplane held etationary
and tne enines at full throttle. The right unit wes run for ape
proxinately 10 seconds and stopped. Then both units wore started
and the risht unit ran aneroximatel: 15 seconds while the left
ren the full duration of 2) seconds. In this way an encentric
thrust loadinz was obtained first -n the richt side and then on
the left side. The pilot w~e able to hold the nlane in pamition
ith the brakes. He found that a low frequency vitration was

oticeable when the t units were overrtiing.
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April 14

Tast No. 7: Tho airnlane, with the nacelle cone coverings

installed, was flom fron the lMuroe landinr fisld to the lake bed

course. The jot units were checked and a taxi yun was made with

the jet unite opernting. (Cf. Fir. 22) Tho nirplane reached a

ground specd of 185 mi.vehs in 20 seconds, the jet thrust wee stop~

ped, and the airplane brought to a halt. ihen the airplane reached

take=off speod the pilot lifted ths wheels off the mround and sete

tled down asmin and contimued the taxi run.

The Jet units operated

satisfaotorily and the pilot had no adverse comments.

i Test Yo. 8¢ The jet units had the remainder of the propellants l

l amounting to apnroximately 5 seconds of operation, left over from

Test Koe 7. It was decided 1!{ the take-off of the airnlane for the

. flisht to the hanzer to overate tho Jjet units until the rropellants

were exhausted. ZDoth jet units overated satisfaotorily. OCn check=

ing the airplane in the hanar it ws found that the cloth covered
» slevators were wrinkled. The slevators were sprayed with a new

coat of dope which stretched out the wrinkles. The caues of the

wrirklingz was traced to heat rndinted from the luminescent jet

blast.

An.ru 15

Test No. 91 A f1isht wae made in tho alr to determine the

yawing effect of jJet thrust delivered Ly one jet unit to simulate

ths conditi-n that night arise if one unit falled durins the climb

after take-off. (Cf. Fig. 23) Ihe risht jet urit ms started alone

when tho airnlsre vas in a clinbing attitude at en indicated alr

speed of 150 nep.h. After the right unit ran approximately 8 reconds

the left unit wes turned on. Since each unit had a propellant load
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for 24 saconds of Jet thrust the left unit ren alone & ssconds after i .
‘_ ' the rizht unit stopped. The pilot found that ths yawing moment p
produced by a single Jet unit oould be easily counterbdalancesd dy

the rudder. The right Jet unit was started at an altitude of 7500

The airplane reached an altitude of 9000 ft. during the

£, .
pariod the jet thrust acted, at a rate of clinb of 1900 ft. per

seoond, armroximately double of that obtained without auxiliary jet

thrust. In the olimb the indicated air speed was held to 150 mepehay

corresvonding to an engine manifold pressure of 27"Hz and 1900 r.p.m.

The pilot found that the weight of the Jet urit installation

osused the airplane to have a stability between neutral and elightly

Very little jet thrust vibration was noticed by the pilot

unstable.

and the jot operator.
On checking the slevators no wrinklins was observed.

The first take-off with auxiliary jet propulsion

Test No. 10:
is shown in Fir. 24, Both Jet units started together and functionsd

Pilot remarked that airplane handled easier during take-

properly.
off with Jet thrust than without.

tssts was taken by the C.A.A,
On checking the elevator surfacee 1t mas found that the fabrie

First canmera record of flight

A coat of dops was sprayed on and the wrinkles

had wrinkled again.
The airplene was flomn to the hansar and the tail

l h stretched out.
surfaces we-c painted with two coats of fire-resistant oaint and

then a coat of aluminised vernish. In Fig. 25 the wrinkled elevator
No

surface 1s shiown and in Fiz, 26 the elevator after tre-tment.

further wrinklings wes encountered during the flight tests after

the treatnent was apvlied.

F— e e, . ot 7+ bt Y
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the engine the throttls was loosensd and during Test No. 17 slipped
from full throttle position so thot this test is not considered

reliadle for take-off performance comparisons.
The lack of synchronizati-n between the starting of the two
In checking the

Jet units was beconing seriously objectionable.

hydraulio aystom used to open the propellant throttle valves it was
“hen

found thnt no vent had been nrovided in the oil ressrvoir.

the acoumulator was mmped the rsduction in pressure in the reser-
volr caused air to be sugked into the hydraulic sygtem throush the

hand pump,.
Aftsr n vent was provided and the hydraulic system bled the

starting of the two jet units was ehnchronized to within less than

o further difficulty with synchronization was expere

1 second.
{enced during the remainder of the flisht tests.

211 21 -

* Test No. 1%t Same as Test No. 12. Both jet units ran satise

factorily,

Test Ho. 19t Sams ap Test No. 18. Tath jet units ran satis=

i factorily.
\ . Test No. 201 Same as Test No. 11.
2l: Test to determine take-off nerformance for the

Tont V0.
19,000 1bh. gross weight condition without auxiliary jet propulsien.

This &zross weight was obtnined by £1llin- 1G4 mllons of smeoline

in the min 'ns tanis.
Same ns Test “o. ?1 with auriliary jet propulsion.

Test No. 22

Both jet units ran satisfactorily.

Test No, 231 Same as iest do. 21,

Sane As Test -i0. 27,

Toat No. 2U:
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11 22
Taot No, 251
Toot Ho. 26:
Test ¥o, 27:

Same as Teet No.
Same ae Test No.
Same as Test Ko,

Both jet units operatet

satiefactorily.
Teot No. 23: Bame as Test Xo.

Same as Test Mo,

Test No. 291
App1 23
. Test No. 30t
80,000 1b. groes weight condition without suxiliary jet thrust.
Thie gross weisht wae obtained by filling the main smsoline tanks. full,

Tost to determine Snla-off performance for the

- by banging bags of lead shot in ths forward bomb bay and by oarry-

ing Wu. Terbeck as & paesanger in the forward bombadier'e eeat.
Sams as Teat Ho. 30 with smuxiliary jet propale

Test No, 31:

elon. Both jet units operated satisfactorily.

Teat No. 32t Same re Test No. 30.
Teet Ho. 33t Same an Tast No. 31. XHoth jet units operated

satiefactorily.

0.
.

Same as Test No.

Test No. T4

Both jet unite operated

Same ag Test No.

Test No. 352

satiefrotorily.
Test Xo. 161
Aprid 24

Teat No, 371
weight condition with auxiliary Jet

Same ns Test No. 30.

Same as Test No. 11 for the 18,000 1b, groees
Both Jjet unite

nromlsion.

opsrated satiefactorily.
Tast Yo. ¥'it The alrplane was flown to 10,000 ft. to deteraine

the sffect of muxiliary Jet Shrust on the maximum snsed of tre aire
(Cf. Fiz. 32) At an encine sanifold pressurs of 34 Hg

plane.
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and 2300 Pepeme the airplane had an indicated alr speed of 239

The air temperature
Then the jet thrust cens

The jet units were then

wms 8°C.
ed the Air gpeed indicator read

n.p.hn

turned one
¥, B. Powsll operated the jot units and E. 0. Crofud

280 mepehts
sndloator ir the bombadl

observed the air speed

er's oompartment.
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V. RISQUSSION OF THE AENIZS OF JHE IESTR

The dnta on the flight tests as obtained from the C.A.A, film
analysis and by observation at the field are su'marised in tabular
form on Paze 4 of Avpendix A. This table,inoludes, for each run,
the obeerved zround speeds, distances, times of run, wind epeed
and direction, outside air temperature, pre-m:'nltuude. and aire
plane weight.

Singe a comparieon of take-off verformance of the A~20h with
and without auxtliary jet propulwion is of nrimary interest the
flight test data will be annlyzed as ohserved, corrections being
sade only to reduce the data to zero wind velocity. The wind core

rections for the take-off distance and take-off time ware obtained

from Pirs. 33 end 3U respectively. The figures are rimrninced

fro': Reference 3.
The air borne dlucm*n resuired to cleer a 5" ft. obstacle
have been correaoted by ndding the product of head-wind speed and

the air borrne tine and hy subtracting the product of the tailewind

speod and tho air borne time. The varintion of the wind velocity
in the 50 ft. layer has been nesleoted. The aAir sueed at take-off
is the almabraio sum of the ground snesad and the oorresnonding wind
speod.

The wind epeed and wind direction fluctuated considersbly
during each takze-off and thercby contributed to the experimental
scatter that annears in the plotted results.

The ohanses in grose weight of the airplane due to the
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t

eonsumntion of smaoline and the jet provellante durins each take=

off have been nerleoted. The jet propellants caused A maximum of
1.6% reduction in oross wolght at the tims they were exhausted.

The fl4-ht test data containing the corrections discussed
above Are swmarized in Table I11,

The wariation of take=off nir speed with rross waight $e plote
ted in Fi=, 35 for the airnlane with and without auxiliary jet nrop=
ulsion. [he aexperimental scatier is ssen to be nuite large.
Yurthermors, 21l the exnerimental results oonsistantly sowa
greater scatter for the cane of no jet thruet. Perhaps this onan
Ibe accounted for by the imvrovenent in take-off chnracteristiocs of
the airnlane brought about by the availability of 2N00 1lh. additional
thrust from the jet units.

The dlstance traverasd in the ground run, the horizontal com=
ponent of the air borne path to olear S0 feet,nnd the toterl distance
from the point the brakes wers released to the point 50 foet wae
oleared are nlotted amninst the airplans zross weisht in Figs. 36,
37, and 38 respectively. Distances required with and without
auxiliary jet thrust are inclnded in these fisures.

The take-of tine, Air horne tine required tn clear 50 feet,
and the totnl tinme reocuired to clear 50 feet from the moint the
drakes were relenssd are nlotted n-minst the sirplans sross welsht
in Figs. 39, 40, end 11 resmectively. Times required with nnd withe
oud auxilinry jet nrovulsion ars inclufded in these fiaures.

On the brale of the falred curves in the above fipures con-
parative results shewinz the affect of auxiliary jet thrust are

#iven in Tables 1Y, ¥V, and VI,

The percent reduction, due to the auxiliary jet thrust, in
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TABLE

144

WITHOUT JET ~ WITR JET REDUCTIOR DUE TO m.
Y O ey S s GRERIN Ll e
GROSS WI.|TAKE-OFF | TAXE-OFF :nn-on]an-orr- TAKE-CFF| TAKE-OFF | TAKE=OFF
. |aIR sPEED| DIST. | TIE® DIST. TIME DIST. | TIME
M.P.H- 7. SEC. FT. sx.
- - = - - .* — e - R —— -
17,500 | 108.1 1540 8.5 | Noso | 13.5 29.9 | 27.0
|
18.000 110.3 1670 9.3 | 150, | 13.9 3.1 28.0
19,000 11L.8 1960 21,6 | 1330 | 15.0 32.1 30.5
1
20,000 120.0 2120 ] 25.1 ] 1570 | 16.8 32.3 33.1 |
SRR N — — 1

TAHELE ¥

WITHOUT JET T WITH JET 1mmuc'rxon DUE 2 JET | ‘
S C —— ERA— e
GROSS WI.| AIR BORKE | AIR ncmu: AIR nom AIR BORNE Am xomn AIR Bomm
LB, DIST. 70| TIMETO | DIST. TO | TIME T0 , DIST. TO | TIME T0
CLEAR 50 |CLEAR 50 | CLEAR 50 |CLEAR 50 | CLEAR 50 | CLEAR %0
7., r'r.Jr'r.. §BC.| FT., ¥FT. [¥T., SEC. |FT., &% . FT., ¢
SR —— —_— —t — 4 |
17.500 1140 6.6 750 | ka2 | sk | 36,4
18,000 1220 6.8 g0 | 4% | 336 | 353
1 |
19,000 1410 7.3 150 5.0 32.6 | 3.5
1530 8.3 1120 6.0 l 31,3 l 27.8

TAELE VI

FITHOUT JET E WITH JET * REDUGTION nn: 10 JET |
TGROSS WI. TOTAL DIST. TOTAL TIME TOTLL DIST. TOTAL TIME 'TOTAL ms'r. TOTAL rmz]
LB, TO CLEAR | TO CLEAR | TO CLEAR | TO CLEAR | TO CLEAR | TO CLEAR |
50 FT., ¥2.|50 FT., SEC{50 FT., r'x'.'5o ¥T., SEC{50 FT., £ |50 FT., %
S— 4 - + - t -
17,500 2680 | 254 1810 17.7 32.5 29.5
I 18,000 2900 6.2 1960 L 18,4 32,1 29.8
)
I 19, 00¢ 337 23.9 228 20.0 32, 30.8
l | 13950 3343 26£0 22.8 2.2

3.
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the variocue dietances and times tabulated above ie nlotted agsinst
the airvlane sross veizht in Figs, 42 and U3,

The C.A.A, equipment for recording ths A=20A airplane take=
off perforuance mnde avallable datn on the horisontal and vertioal
pasition of the airplane ;_LI/S second intervals from the start of
the csround run until a helight of approximrtely 50 ft. was reached.
From these datr the f11,4it vath of the airpdane after it left the
ground and aleo the varintion of the velooity and acceleration with

distance can be plotted.

In Figs. Ul, 45, and %6 tyvical flight pathe have been plotted

for three alrvlane rross weight conditions with and without suxiliary
Jot propmlsion. The teste plotted in each figure have been chosen
for approximntels the same airplane rross welrhts.

Yor the enme tests the variation of air sveed and acosleration
with distance from the startin~ polrt have been vlotted in Fips.

47, 48, and 49, and Ples. 50, 51, and 52 resnectively.

The flisht peth curves nre eeen to be considerably steeper when
the jet thrust was actins, however, the acceloration curves show
that the excess thrust availadble was not entirely used to incresase
the rate of climd of the airplane. An airnlane before rsaching a
steady clinbing flisht after taking-off passes throush a transition
phage or "flare.” The "flare"” 1s ended when the optirmm olimbing
angle ir renched and thereafter the acceleratinn of the alrnlans
should have a gero value. A study of the f1li~ht tath curves and
accelerntion curvss shows that the airplane was mut intc n steady
climl before the sxcess thrust available for liftins was absorbed.
Three reasone can be ~iven for not obtainine the ontimum angle of

climb to clear §C ft. (1) Since the primary purnose of the flight




P
- o S
s £

GALCIT Ppoj. No. L Pare 32.
Rep. No. 12
tests wae A study of the oneration of the jet installation a detailed
schedule for obtainingz the ontirum performance out of the airplane
was not yreprred. (2) It wns believed advieable, because of the
experimental nature of the flizht tests, to fly the airplane well
abtove etnlling emeed to give the milot an ovnortunity to lovel out
in case one of tho jet units failed. (3) A study of the C.A.A.
film showed that in the jet assieted tak2-offe the landine ~ear was
not comwlately retracted, with tut few excentions, until the 50 ft.
height had been exceeded. In the unassisted tnke-offe th: ~ear ws
usually retracted by the time & heisht of LO ft. hed been reached.
Three flishts were made in the air to determine the effact of
nuxilinry jet promlsion en the perforwnnce of the airplans. The
first, Test No. 9, was carried out to check the ability of the vere
tical control eurfaces to balance the yaw produced Ly one Jet unit
alone deliverin~s 1000 1b. thrust. The others, Testa No. 16 and 33,
were nade to observe the increnee in maxirmn speed at 5000 ft. and
10,000 £t. resulting from 2000 1b, Jet thruat actins for 24 eeconde.
The reeults of these tests have been described in Part IV.

At 5000 ft. the indicated air smeed incrensed from 252 m.p.h.

to 300 m.p.h. This cerresponds to an increase of 197 in maxi'mn

sveed. At 10,000 ft. the indicated air speed incrensed fron 239
1epehe to 280 mepehe or 17.2,0
The airplane did not reach the maxirum snecd noseible by the
idition of 2000 1lb. thrust due te the fact that the duration of
the jet thrust wie limited to 7li seconds. It can be seen that the
airrlane was still acceleratins when the Jet thrust ceased from the
lot of indicated air speed arninet tize in Fis. 51 for the¢ flirsht

t 10,000 ft.

1
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V1. GCOMPARISCN QF EXPERI:MENTAL RESULTS FIiY THEORETICAL
EREDIGTIONS OF EFFECE OF AUXILIARY JET TRUST

An aerodynanic analyeis of teke=off and initial climb of aire

craft as affectnd by auxiliary jet vropulsion has been carried out

by Millikan and Stewart in Reference 6. The analysis is baezed on

the studies of land'plane take-off made by E. P, Hartman in l.A.C.A.,
Tol. 557¢ A sinpler method for predicting only the effect of a
constant auxiliary thruet on the reduction of ground run of aire
craft using the eame basic assunptions has been pronosed by Fiecher
and Coffman. This method consiste of tricing the fundamental equa=- °
tion of motion given in Reference 6 and renlacing the excess thrust

delivered by the vropeller, which normally varies during the thke~-

off run, by an averae value. 1he average excess thrust is taken
as the ratio of the kinetic ener=y of the airnlane at take-off to
the ground run distances. A chart prepared accordinz to this as-
sumntion is reproduced in Fip. eh,

In the following diecussion these notations will be used:

A = Initinl accelerating t.hr".J.st. for the normal airnlane, 1b.
hrust decrenent coefficient for the normal airnlane.
Static thrust of propeller, lb.

Thrust delivered by Jet units, 1b.

Acceleration due to gravity, ft. ver secf

Altitude, ft. °

Teke=off distrnce for normal airrlane, ft.

lorizontal distance to climb to holp t, h, for noranl

irplane.
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t = Tine, ses.
¥ = Velogity, £t. per secs
Va0 = Take=off velocity for normal airplane, f%. per see.
W = Normal airplane gross weight, 1b.
A= T/A

Ae vy

/A = Coefficlent of rolling friation.

{ ) = Refers to jet aesleted take-off.
( )”- Refers to condition with overload,
( )c = Refers to climd after take-off.
1. Erfect of dustlary Jt Propulsian
on iske-off Distanca
From Reference 6 the take-off distance for any load comdition

with auxiliary jet vrovulsion ie siven byt

ﬂz 4 (" l+°(

and the relative saving in dietance dus to the auxiliary thrust cen

be determined from the relation:

Sa,~ S, . (e /+<x)
S, Log (1-732%)
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Repe No. 1?2
A te nethod the sake=

Agcording %0 the ¥1eoher-Coffman approx
1iary Jet propulsion

off distance for any load gondition with suxi

49 given byt

So.

S°“°= z-vgv-sv F+l

AW Vao,

ance has the formt

and the relative gaving in dist

SM—SQ’_,=I_ !
S, f%g:-gl

VTO“,

on (1) can be deter=

tors B andAin equatl
exnerluntnny

he performance fre
of the

ained for the normsl A-20A on the basls

ed take-off dlastancs.

The nornsl gross weizht will be

mengur
taken as 17,500 1v.

B = 0,0

A= 0.635
normal

he factoT A, the inltial acoelerating thrust for the

defined as the static Pr
{1t 1s nasuned Ghnt/k=

oneller thrust nimus the

airplane, 1s
ground frl.oil.on.

Lscl-rl.?lﬂ £925

n.02)

- 0.02 x 17,570 = 5515 1be

x- =Zm= "
=50 036
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In Table VII the percent reduction due to auxiliary Jet thrust

in take=off distance for different groes weighte is commared with

the velues calculated from equations (2) and (L),

TALLE V1]

GRCSS EXPERDMENTAL TMII&IKAN— FISCHIR-CCFFUAN
TEIGHT | REDUCTION IN TAKE=CFF DIST. | STEWART APPROXIMATE
IETHCD % YETHOD £

Lz.
! 17,500 29.9
18,000

l } 19,000

21,3 30.3
3.2 |

32.0

32.5 31.9
32.6 { '

3340

N

-

»

I
S S

20, 000
L

From Inble VII it can be eeen that the percant reduction

obtalred in the flight testo asrees exceedingsly well with both
The

methode of predicting the effect of auxiliary Jet thrust.

adventare of the L1llikan-Sterart mothod liee in the moeelibility

of enlculeting the reduction in take=off run due to auxiliary jet

thrust for any overload condition when the normal take~off dle-
The approxinate cal~

tance le known for only one grose welght.
culation, on the other hard, raquired a knowledge of the take-off

distarce for ench overload condition before the correaronding re-
Furthernore,

duction due to nuxiliary jet thrust enn be determined.

the Flscher~Coffman method is eultable only for predictin~ the re-

duction in take-off distance.
Rffect of Auxilinry Jet Thrust oan fake-sff Tize
the toke=off tima for any lond condition with

bod
.

Fron Reference

siven bri

liary jet promlsion 1s
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t = BsW I+Viixa Voo
% 29 f1+)BA A

T+ A Vo

and the relative saving in time by:
LW Y
[+V5< A Yo
/
lo,~ 8
il | m 51 L E v
Y(1+)BA

I+yAa Vo

"‘//—51%— Vro

by

)
In Table VIII the experimentally observed percent reduction
due to auxiliary jet thruet in tako-off tinme for different gross
weighnts is commared with the values calculated from equation (6).

The factors in equation (6) have the mame. mumerical values as before.

IABLE VIII

S S

GROSS EXPERTHENTAL ILLIZAN=STENART
wu..nr KEDUCTION 1 VETHCD, %

TAKF-CFF TI'E, 4

14,0 23,0
3, 000 30,5

20, & 3.1

I

[ 1 ]
I 17,500 27.0

|

|

-

|

[

i
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The reductior in take-off time obtained exverimentally aprees

with the calculated results very closely.

3. Effect of Auxilinry Jet hrust on

Distance to Clinb to & Heoisht h

From Reference 6 the horizontal distnnce reguired to climb to

n height.h with auxiliary jet provulsion is given by ths relation:

l=ﬁWA /
E%“> I A (/-.él,Af).*c( n

The factors &, and A_ are dsfined nnd discusscd in Reference

2
£« The value of the term ( I— Eu"c) can be dotermined from the

experinentally neasured horizontal distarce required to climdb to
50 ft. for the case of the normal airnlano for each «:,rosn wmeisht

conditior. The values obtained are shiown irn Table IX,

TARLE IX

[T Gnoss I R ]
[ wercHue, (1 _Ew;\)

LB. E

| 17,570 %157
| 18,000 0.135
| 19,000 0.122

i_ 20,000

0.111

The rolative saving in horizontal distance rocuired, achieved

through the use of jst thrust, is given by:
4

Se,, = Sc, = (1-€,A2)

5 - (- 228)+x

w
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In Table X the percent reduction in the clinbing dietance re=
quired to clear 5O ft. obtained from equation (8) is compared with

the results of the flirht teste.

IABLE X

GROSS EXPERIENTAL REDUCTION 'un.mm.s'm-::m.'r
YEIGHT, I¥ HCRIZCONIAL DISTANCE "BTHOD, 5
LB. T0 CLEAR 50 FT. %

- e e e ——
0]

17,500 3h.2 . 69.6
18,000 33.6 72.1
19,000 32.6 .7

20,000 1.3 768

b

The experimentally deternined roduction ir air borne dietance

to clear 50 ft. with jet thrust ims eeen in the table to be much
smaller than theoretical analyeis indicates should be expected.
The experinentnl reduction is not am large as poseible since the
excees thrust made available by the jet units was not utilized com=
rletely for increasing the angle of clinb. The probable reasone
for rot absorbing the excess thruet have been mentioned in connec-
tion with the d.iec--en ion of the fli~ht path curvee,

Cn the other hand, the reduction predicted by the thenretical
analysis is defiritely ovtimistic. In the Hillikan=Stewart analysie
the transition phase from horizontal motion to flisht in n etendy
climb was neslected. This assumption is valid only =hen, with
auxiliary jet thrust, the horizontal dietance traversed durine the
“flare" is small cormered to the horizontal distance covered in a

ttendy climb.
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k. Effect of Auxiliary Jet Thrust on
the Tine to Climb to a Height h
From Reference 6 the time required to clinb to a height h

with auxiliary jet promuleion is given by the relation:

. _ 1BWh /
‘@ Al (1-&,A2)+a

The relation for the relative savins in time is identical

to equation (8).

t‘w— t‘u 27 (1= 8,78)
., (1- €,03)+o

‘the vercent reda'cuon in time to clear a hei-ht of 50 ft.
with auxilinry jet promulsion obtained in the flirht tests is

cormarod with the values calculated from equation (10) in Tavle XI.

ALK X1
SR R
69.6
72.1
™1
764

The remarks made in connection with the discrepancy of the




g [
.m-c‘x

%
e A st ST
o o ety =

GALCIT Proj. Wo. 1 Page 41,
Fep. Yo, 12

f1izht test results with the caloulated Peduction in horizontal

distance required to olear 50 ft. ap~ly also to the dlwcrepancy
apparent in Tadle XI.

5. E(fect of Auxiliary Jot Thrust on the Totsd
Distance Required to Reach a Heipht of 50 ft.
To oompnre the effect of Jet thrust on the toial distance

required from ths besinning of the ground run to the point 50 ft.
was oleared with the theoretically predicted value the unassisted
distances ~iven in Tables IV and V are reduced in mccordance with
the percentages zivan in Tables VII and X. The results are com=

pared in Tadble XII.

ZABLE &AL
GROSS . EXPERDMEML REDUCTION | XILLIKANeSTEWART
ulxlga.u. | IN TOTAL DISTAKCE, % METHOD, %
17,500 32.5'" ' 47.6
18, 000 32.4 48.9
19,000 32.3 50.0

20,000 32.2 50.8

Since the reduction in tnke~off mmd run obtalned in the
flight tests acrees with tiic calculated results (Cf. Table VII)
the discrepancy in the redictior of total distance required to oclear
60 ft. can be nccounted for by the wuch larger distance taken during

the air borne vortion of the take-off as is apparent in Tatle X.
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6. Bffsct of Mxilipry Jet Thrust on the Tojal
Zize Raguired io Resoh s Feight of 50 L&

Using a procedure similar to that described for the valuss

given in Table XII the resulte shown in Table XIII wers obtained.

3 XL
GROSS EXPERIMENTAL REDUCTION UILLIKAE-STEWART
WRIGHT, IN TOTAL TD'E, % METHOD, %

L.

17,500 29.5 4o.8
18,000 29.8 %1.3

19, 000 30,8 L8
20,000 3.5 §2,2

The discrepancy between the flight teats and the calculaidsd
remults in Imble XIII oan bs ascounted for by the rmch longer time
taken durings the air borne vortion of the taks~off to clear 50 ft.

as is aprarent in !;bll X1,

SOMOLUSICH ’
.
.

The n;m tests of the A=20A sirplane descrided and analysed
{n this report successfully accomplished the objectives that had
been set up when the investi-ationa at the Alr Corps Jet Propulsion
Rssearch Project infdicated that & 10V 1p. thrust ligquid propellant
Jst unit wns ready for attachment on a service t:mne aircralt., As
pointed out in Fart III the nrinry purnose of the flisht tests

was to obtain information on mroblenms of installation and operation
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of Jjet unite on aireraft. In econjunction with these studies per—

formance data were obtained so that the offect of auxiliary jet
provuleion oould be deternined.

The analysis of the flisht test data in FPart VI ghows that

the reduction in take-off distanoe and time asrees with theore~

tically nredicted walues very closely.

The experimental reduction
in air borne distance to dlear a heisht of 50 ft., however, was

only apnroximately one half the amount that theory indicated ehould
be sxpected.

The probable reasone for thie diecrepancy have been
discussed in Part V.

Additional flisht tests are necessary to

deternine the optimum redustion in &letanos to clear 5 ft. that

can be obtained from auxiliary jet oropulsion. Flight tests for

thie purpose should be made with service typa jet units incorpor=

ating inprovements based on the experience already sRined.

Auxiliary jet promulasion when used to improve the take-off

performance of aircraft cnn g¢ither reduce the distanoce required

during the take~off whases for the normal ~roes weight condition,

or hold the normal take~off distance when lar~e overloads have to
be oarried.

The tactical situation will deternine for whioh Turvose |
the edvantazes of jet provuleion should be used,

When jet promulsion equipment is utilized only during the talke=

off phase of aireraft flisht the question Arises as to the penalty

that might be vaid in carryin: the emty weight of the equipment.

At the present stapge of develorment the ratio of jet thrust to

supty woeight has a value of ap-roximately 6.0.

For the case of
the A=20A the inetallation of jet sguirment for o000 1b. thrusé

would necessitate carrving a dead weirht of 335 lb.

It has nlso been promosed to desisn the jet equipnment to it
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i{nside a streanlined dody that ocould be attached externally to the
N~

I .

n ‘-

alrcraft and then drommed when the mrovellants were axhnusted.
this way the emmty dead weisht would not hinder the flizht perfore

Furthernore, the enemy can be prevented

mancs of the alireraft.

from capturinz the jet equimment on shot down aircraft and learn-
The disadvantages of the dromable type of

insz the desim sacrots.
installation lie in the grsator effort thnt will probably be ex=

pended in servicing and =aintenance and in the rcducti.w'" of excoss

thrust delivered by the Jet units due to dra; of the externally

mounted body.
Por the case of the nezisted take-off of heavily loaded aire

craft the weisht of a jet inatallation cn ezsily be over-ermphasized,

This con be poirted out mast clearly by means of the curves drawn im

Pign. 55 nnd 56, In Fiz. £6 the influerce of ¢J, the mtlc of Jad

thrust to the full weight of the jet installation, on the useful

overload thnt can be 11fted within the rormal take-off distavcs is : Y
¥

shown for a particular o~suv. It is aprearent that the useful overe

lond increnses ranidly at first nl¢ increases, however, after ¢ i
14

reaches a value of 5 the pain i additional overland 1s small.

The advantage of using auxiliary jet thrust suye1icd by an

»

installation whose (p = 3 when full and ‘0 = 6§ whoen ety is alaso |
'.l

For the case considered the airnlane woudd take~-off in the )

clear,
normal Aistance with a useful overload of %70 1b. at the cost of

The necessity of droppins the

carryins An empty weight of 670,

empty Jet installntion must be rulded iy the effmct of its weisht

on the flirsht neriaruance of the airnlnne,

Dus to the limited ti-e availadble for tho A=20A flisht tests

oonprehanaive studies of tha effect of ~uxilinry jet thrust on
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high speed and rate of clinb wers not nade. Tests should be

enrried out with an inst-llation deliverins Jet thrust for e period
of the order of one mimute so that equilibrium flisht conditions
can be reached. N

During the flisht teste, heat rndiated from the jet blacts
caused the fabric covering on the elevators to loosen and wrinkle.
Thie difficulty was eliminated by trentin: the surfaces with speolal
paints. The difficulty could nrobably be overcome by directing ths
Jet blast dovnward, ‘In this conneetion it is understood that in
England the Jet has been directed downmard with beneficial results
also on the tn-c-off performance of the aircraft. Ar ‘analysis of
the effect of the Jet angle on the take-off nerformance should be
und er taken.
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Fige 1 == Front quarter view of the A=2CA airplane.

Pigz 2 = Rear quarter view of the A-20A airplane.
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Fige § == Major P. H. Dane, pilok, and B. !,
Forman, jet operator, during the
flight testes.

Fig. 6 -~ Personnel in charge of flirht teasts,
from right to left: Dr. Th. von Farman,
Major P. H, Dane, W. B, Powell, Dr, F, J,
Halina, and Dr. M, Summerfield.
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Fige 7 == FLlizht test personnsl.

Fig, § == Rear quarter view of the 1000 1p,
thrust, 2 gecont Jet motor.
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Fig. 11 == End view of the jet unit
installed on the airplan

ig. 12 == Side view of the jet unit installed
on the ajrplane.
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Figs 13 = Side view of jet unit installed

in the nacelle cons with the cover
in plﬂﬂﬂ.

i
K

Fig. 14 - Rear view of the A-
exhaust nozzles ro
nagelle tail gones.

20A airnlang showing
truding fron the
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Pl 15 = - Mitrogen tanks mounted in
forward homd bay.

IR,
TR WY A

Fip. 16 == Hydraulic syaten in rear bomp

bay for operniing the

Jat propellant
throttle velves, pellan




Fige 17 =~ Jot installation controls ang instrument
Panel in rear gunner's cocknit,

Fig. 13 == Setup for measurin

the airplane Tropellers,

2 the static thrust of
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Fig. 19 == View of gage used to measure static
thrust of propellers.

Fig, 20 == Firat operation of the Jet units with
the airplane held stationary.
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Fig,

Js Koo 1
2

21 w= Water test to dets

rate of pro
Jet unit,

Fige 22 == View of the A=204

8¢ the start of ty

raine cause of low

pellant flow from right

operntyr,

with jet unigg
e taxi run,
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Fige 2

- View of yB¥ test

vo leave ground 03 first

A-20A aboub
vake=off agsiaoted bY auxiliary Jet

propuleion.

Tige OB =
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Fig. 25 == Elevator fabric loosened by radiant
heat from jot blast.

Fig. 26 — Elevator after heat resis
applied.

tant treatment
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Fip, 27 == A=20A taking-off without guxiliary
jet promlsion.

23 == Apsisted take-of £ during ground run.

Fig.
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Fiz. 29 = Agsisted take-off during ground run,
*  Side view showing size of Jet blast.

Pige 30 == A-20A at start of clind assisted by
Jet thrust.




Fi

Front view o
by Jet thrust

s 32 = Test to determine
Jet thruet gn high

eifeot or suxi
speed at 10,0
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PART 1
PULDOBO. s e o seacersacsscnssacnseasressnsancnsonssnnss
Location and Date of TegtSeceecrcsccesocnrsansnscnas
Equivmenteccesssecrccacconrasacscannntsestsavsesnnans
Personnel Fartioipating in Testsesecrssecccccstcscsa

ROMULEBscrscoscto - cotarasssssanaanctor -coassnssncses

PART 11

Rewarks Regarding Detaile of Film Analysis and
Calculations.

CONOrAlscecsnsccascsssssacetessscscorssscacssas
Take=0ff Polftecsscscsroccarcsacsesensenansancas
ElevBtionsee-seee.stiae connoanasssssccnsonnne

CalenlAtionBes sese ocanoncaancessnarssonscsannns

T=A
8-A
10-A
10-A

Film Analysis Tore Shostseteeceiiessnencencarsiionsalled to 594

REFERRNCES

(1) Kilitary Projects Series Army Air Forces Report
Funber 2 « "Installation of Eouipment for Re-
cordings Airplane Take=0ff and Landing Chapacter=
istice at Muroc Bornbins and Gunnary Range,
Ropers Dry late, California."

Flight Ensineerin~ Revort Number li= "G, A, A,
Equivment for lecording Airvlans Take=Off and
Landins Charagteristics.”




PARY 1

PURFOSE

The purpose of this remort is to vrasent the results (snace tine
records) of the analysis of the film exposed, during 25 take=offs of
the A=23=A airplane at “uroc Iry Lake, in the C.A.A. cameras for re~
cordins airplane take=off marnd landins rerformance, and to furnish the
observod sround data recorded by the sround crew operatin: the camera
oquinpnert.

In addition to the space tinme rocorde tho actual psround speeds
are algo calculated for all nortions of the runs anlyzed.
LLGAYION AJD DAIE CF $ESIS

he test flishte were made on the 12,000 foot test course at
uroe Dry Lavxe, U. S, Air Forcoes Boubing and Uurnery Renge, !Muroc,

lalifornia (described in "“ilitary Prcjects Series Arny Atr Forces

"

evort o, 2") from Aprl) 15 to Anrtl 2, 1742, The film analysis

7 wmlished with the nid of the vrojector sst~up located nt the
Snr nica office of the Civil Aeronautice Administration during
the period from April 27, 1942 to lay 4, 1942, 'the calculntions were
nrde at the Santa tonioa office and at the Arroyo Seco Rocket Camp of
the California Ingtitute of Technology, Pasadena, California from
¥ 5 to Yay 3, 19k2.

EGUIE EXY

The diatances, tines, and airplane sveeds listed in the tabu-
lation, "Surviny f Results", Pr»e 4, wore obtatned nhotosranhieally,
using the Civil herorautics Administration nmotion picture camera

equipment, projector set-up, nnd ficld layout described in C. A, A,
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RESULTS
The results obtained from the film analysis and the ground craw
notss will be found summarized in tabular form on Page l=A. This table
includss, for emch run, the observed ground speeds, distances, times
of run, wind sneed and direction, outside air temperature, vressure
altitude, and airplane weisl:t.
Plots of ground run and distance to clear a fifty foot obstacle
aminst atirplane weight may be found on Fages 5=A and 6=A respectively.
The data of RFun 17 have not been entered on the praph, as the
pilot renorted after this run that the throttle was incorrectly set.

It should be noted that the summary table on Page L=A and the ‘

data plottsd on Pages 5=A and 6-A do not includs the distances corrected

for such veriables as wind, outasids air temperature and pressurs ale

titude and that in all cases only observed data are shown in this ve-

port.

Typed copies of the film analysis work sheets for all 25 runs

are incl.ded on Pnges 11=A through 53=A.

Each run is designated by a

"Run" nunber which asrees with the run number used in the summ~ry

table.

It will be noted that all runs havs been analyzed throurhout

in ordsr to per~it obtaining coaplete accsleration datn. Although

no plot is mde of the latter results in this rovort, this basic
irformation is furnished in order to per-it further study of the
acceleratione obtained durinz the take-off run with and without

assistance from the jet propulsion.
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. REMAEKS RE XG D 1S IL ANALYSI

General
_For all the filn analyses the airplane referencs moint for hori=

gontal dletancee wns the Rudder Trailing Edge, taken at the level of

the top of the fuselape, and for vertical dietances, the tov of ths
tail. Since the "7lag Take-Off" (take-off point noted by ground crew)

vosition referrel to the wheels, the film reading of the "Flaz Take-

Off" as read and ae typed may be corrected to the rudder trailing

edge by addinz 27 feet in the case of Puns 18 to 37(Zast to West
.

Runs) and subtracting 27 feet in the case of Runs 10 to 17 (Test to

Zast Runs). (Markers are numbered consecutively with the masmitude

l of the numbers increasing from Wast to .East.)
A1l horizontal distances taken from the "laft camora®, which

war set 100 feet avay from the conventional position (Runs 30 to 31&),

read 100 feet hirhor than the fisures amearing on the field markers.

lovever, tho distance values of any oné run are consistent among them-

(¥h1s 100 foot difference 18 due to the fact that the maric~

selves,
ers are so located thnt the 50 mrker, or center of the course, is

opposite the right canera station.)
In certain runs (20. 26, 23) the data d1d not record the exact

start of the airplans, due to invisibility of the starter'e sirmal.

In these cases, the starting station and time were satisfactorily

extranolated backwards bLhy fittins a parabola to the time-dietancs

curve, and solvinz for the vertex of the rarnbola.




Page 8~A

Cn certain films the airplane failed to reach 50-foot height
' within the extablished markor course.

Tor films in which this gap

was small, extrapolation of the climb curve was used. For the larger ‘

eaps (Runs 22, 30, 32, 36) the following expedient was adopted:

An extension scale board was calculated and laid out extending
the scale hoard etations from larker 27, the normal 1limig, to
Marker 20, and with the film in the projector, land-arks, mir-
rage reﬂecuom. and terrain elevations were then oorreluod

with the last marker. The elevations and harizontal distences A
thus determined had an accuracy bettcr than 5 and 10 feet re- L
spectively.

The weights tabulated in the summary table were based on an

ori~inal weizhing of the airplane at Weisht Field before the in=
stallation in California of the Rocket lotors.

Subeequent weights
were estimated by the Califorria Institute of Technolosgy Rocket

group, by allowing for additione of structure, equipment, fuel, and

personnel carried by the airplane in each test.

The apparent airplane dimeneions annlyzed in the films for taxi-

ing attitude (except as noted). at larker #50 were?

Theel dxle to Tul Roferenco Point, hori:ontal sesssee= 27
Bottom of Wheel " %, verticRlesecseccceco= 18 feet
c G to [ ] ] L]

» horizontaleccoeosen 31 feet
C. G, LA . ¥, verticaAl.ci.ersees= 9.5 foet
c. G, ¥ Bottom of Wheol " , verticale.s......em 8.5 foet
C. 4. L

Tail Reference Point,verticnl (f£1ligsht
"AtALtuA0) e enssensm 7.5 feet

(The C. 0. wae assuned to be under the cocipit and at a ‘
level slightly lower than the wln(;.)

Take=0ff Point

The take-off point used in Part I of this report is that deter=

nined from the "flag" position since the £1lm analysis indicated

that, because of sround mirare and th

e rature of the flirht vath of
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the airplane during the period of bresking ground, the actual take-
off point could not be definitely mscertained by photosraphic means.
It should be noted, however, that the "flaz take=off" point is
also not exnct. Sonme idea of the probable masmitude of the differ-

ence betwsen observed take-~off moints and the aotunl take-off voint

nay be indicated by the following information obtained on Run No. 3&.

On thie test the film indicated a take-off point somawhat closer

(125 feet) to the starting point than the "flar take-off® point. The

film records for Run 0. 34 were examined with particular care and it

is coneidered that the "film take~off" point so obtained is probably
This ine

more ncarly the correct looation for tho actual take-off.

stance is cited as an example of nosaible error by ground crew snot-
ters and in order to furnigh some indication of the probable agcure
acy of srond run distances shown in the surmary table of Part I,
The above mentioned difficulties encountered in detsrmining the
exnct take-ofi point are here recorded to provide information in ore
der that the proper significance may be attached to ground run die-
tances and it is sus-ested thnt the differences noted above in ob-

served take-off dietances are simmificant only in indicating that the

reported take-off distance is not an infallible criterion for compar-
ing ground run accelerations and that a more eatisfactory commarison
may be made by determining speeds attained at given distances alons

the f1i~1t path when the height of the alrrlane remains essentially

unchanzed.




Elevations
In the summarized datn it has been assumed that the airplane has

its landing gear retracted when clearing a 50-foot obstacle. For wer-

tical elevations it mee found that with the airplane in climbing atti=

tude the film analysis reference point was 12 feet above the lowest
point on the airnlane. Therefore, on the work sheets, a reference=
voint elevation of 62 feet corresmonds to clearing a 50=foot obstacls
with wheels retracted.

The workshest notes recording elevation of the airplane referencs
point include.the 1/2-foot correction fer amparent slevation of marker
edze above ground level.

Calculations o

Velocity calculations were based on inbervale of five successive
film re~dings. For the films having four expoeures per second (all
rune except 17, and 30 to 34) thie corresponded to one second inter-

vale.

PREPARED BY: Mr, Eligha N, Falee and
Mr, Norman N. Rubin

e (o, P e

Chief, Flight E-gineerinz and
Factory Inspection Division







theet No. 22

Hedght {ize Vul,
Ft. See.  Ft/see.

18.5 5h.86 183.0
185 58.09 187.1
19 1 52 10%.2
19 { «55 183.2
1545 72 150.3
20 67.02 160.
20 W26 19048
20.6 48 197.2
21 T2 197.8
21 I8  202.2
21 60417  204.4
22 «40 2e2
23 83  208.6
24 £ 53  205.4
23545 59.09  207.68
2740 &2 203.8
2¢ 65  20d.6
32 J9 0 2120
4.5 80.02 710.8
37,5 60.24 21:.0
4 1415 42  218.7
15.5 J 71 214,1
1.5 [ U3 22341
b2, [ 81.17  220.¢ Left jet off.
1.6 3 30 220.4
82  223.%
86  214.1
62,04 223.4
33 222.3
05 222.3 Right jet off.
80 222.3
63.05 217.0
27




FILX AHALYSIS

Page 13-A

Sheet lo. 23.

AIRPLASE A=20-A ALKFLANE IGEKT.___ pun 31,
LOCATION Yuroe Try lake DATE OF T 3T 4-18-42,
TIVI OF TAY OAd TEST NOe_ 93150 Asia ANALYZLED BY
MWlght — T1at.  Tme  Vel.
¥t. : se0. Ft/5se. Resarks.
[+] 3986 v.42 Start.
5484 Takeeoff froa flag.
3985,5 9.90 1.1
86 10.37 5.8 7
85.0 <085 G§e2
78 11,33 14.7
83 «80 18.8 <
94 2.27 21,8
4006 T4 26.5
17 15.21 23.6
33 63 55.1
50 14.18 40.7
71 62 46.5
94 18410 0.3
4118 08 4.3
44 16.03 5.4
73 «50 B83. B
42008 57 69,3
30 17.45 73.2
7o 'L 7848
4312 15.40 82.0
51 «87 8643
g3 15.34 91.1
4437 B2 95.3
85 20. 30 101.1
462 T8, 108.1
13 21.26 107.3
4035 .74 112.1
80 22,21 116.1
4747 89 120.3
4308 23.18 123,.8
(] «G6 127,08
4529 24.14 1:2.8
x- «A3  137.0
5061 25,10 141.1
5129 » 58 144.5
<00 26,08 148.4
36 30 160.7
71 « 64 152.1
307 .17 1562.¢
43 21 0 SO 105.3
5 .28  156.8 Ake=off read from film,
3% <40 158.3
4] T2 158,

6
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Sheet Xa, 23

(Suppe ).

IR Tst.  Time  Vel.
F&. s, Ses. P8

18 a5
18.8 70
18

18.3 47
19

19

'o.ﬁ

20,5

22

2]

28

27.8

29

3l

3.0

36.5

3.8

a.s

43

48

49.8

u.'

57

8l

[

161.1
158,08
166.0
164.2
167.4
187.4
166.7
168.8
175.0
172.2
171.9
174.0
160.8
178.0
180.2
179.2
177.8
170.4
17¢.2
178.4
182.8
181.3
178.8
183.3
162.8
181.4
185.4
182.6
181.8
176,2




Ueight™
-

—————

J

32.z8
74
33.22
70
S4.18
86
35,14
62
36.10
.53
37,08
34
32,02

827
34.90
4y
37
40,44
2
4l.42
)
42,36
7

43.38
<94
44432
41.56
.81
45.06
« 30
053
78
4€.02
.28

« 51

Lo

47 .00

Sed

8.5
0.5
18.8
22,3
25,8
34,
40.1
4.3
4.5
55,7
83,0

104 .4
110,

116.¢
123.1
150.1
158.1
42,0
148,

161.3
152,4
155,1

1sa,

Paze 1544

Sheet o, 24,

il DLNT n 12,
: 1642
L i
LD oy

Femarks,
‘tart, =

Takowo2s read fra; flag,
Jots ou, _

Mkeeoff pgaq from film,
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Sheet No. 86 (mo)

~Vel.
Fe/iee.

180.8
181.6,
184.5
183.8
133.8
1049.8
112,08
195,38
196.9
136.9
201,0
203,00
207 .4
2068.2
205.1
210.3
212.4
214.4
217.7
219.8
213.6
24249
225.,0
221.8
228,.9
228.9
221.9
224,7
226. .

Laft Jot off.




B e i it el g s
i i S -

o < . - e - ~ P——
. W . i

o i

FILE ANALY3IS Sheet YNo. 25,

AR L& As20=0 AIRPLAY: IDENT, kun 18.
LocATION __ Uree iry lake e oo aos 4-18-42
TIME OF DAY OR T5ST Mo, 10036 AN ... o

Welzht Cist, Time Vel.

Ft. e * See. rt/See. Remarks.

0 39¢3 24.50 Start.
5485 Take=off read fram flag.
3085.5 235,28
70 76
76 28,23
87 .71
98 27.19
4012 .66
28 28.12
47 <50
88 2¢.06
20 b3
411 oW
40 30.48
87 3%
48 31,38
4231 <84
66 32,30
4302 «73
41 33.24
LH o71
4424 34.17
68 63
4516 35,10
68 «58
4617 38.04
70 « 62
4725 L]
83 37.46
4342 o3
4303 33.40
43487 35.87
o032 55.36
L) .83
1168 403.30
5204 + 53
34 o 77
78 41.01
§el2 24
LE] 18
7 W7
[T,

G2 42.20 14 Takeoff read from film,

St ottt pt ot ot s

3. +87
7 42
43.1




Sheet Xo. 88. (Supp.).

160.8
18448
168.4
172.2
173.2
175.3
174.2
175.3
177.3
178.5
1704
180.4
173.8
173.8
17¢.8
180.6
181.4
183.2
182.%
132.8
185.8
187.8
137.8
190,46
JRYVN ]
186.5
180.5
168,17
184.4
187,56
139,7
188,56
1vd.7




AL LAK

FILM ARALYS TS

A 20w 4 ALRPLANE IDRgy, Run 17,

LOCATION
TN W LAY

3 Lis%,
it rt.

[+]

168
3241
2042
2943
2045
2547
3052
2062
397¢
3592
4013
4037
4033
4058
413
4167
4207
4252
4201
4352
440
4487
4630
4546
4€66
4702
4755
4777

* TE3T No. 3,05 DM ANALYEr py

~___________ﬁ_.i___._.__-___--_*__w-m :
3540 42.40 L

Puroc Lake UATE OF TIST 4=15=42

b el,
Sec.  Ft/iog, fomarks ,

Start,
Takowoff pogd fra

42.95
43.50
44.05
«80
46.17
»73
46.30
.88
47.42
.58
43,65
45,11
«87
50,22
.78
61,85
.92
92,48
23,03
«80
54418
W73
65020
-85
58.1¢
2
«T0
05
87,28
+ 56
«84
39
58.13
27
4l
«55
70
83
97
7411
25




Pep iy et oo
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Page 20=A

Sheet No, ) (.m')

Height  Diss. Tine Vel.

I8, i T Seq. Ti/8 _Eenarky
16,0 5173 U0 159.6 Take-off read from film,
16.5 5195 55 156.9
1605 5218 .68 159.’1
17.0 5241 «83 164.6
18.0 5334 60,41 163.5
18.5 L] o 150.3
19.0 ;06 «83 172,
19.5 sush 61.11 169.3
20.% %503 .39 17h.ad
21.5 gzgl .68 173.5
22.0 1 .23 172.8
23.0 5650 62, 175.4
25.0 5700 «53 173.9
gz.o 5751 62,82 178.9

.0 5801 63,10 180,7 Right hand rooket off.
2645 fosh .38 1,1
;:.g 5906 .67 185.8

. 5959 5 185.8
15,9 60;1 .23 132.7

8.0 606M .51 186.7

1.5 6117 .80 184.5
L5.5 6179 65,08 148.5 Kotet Throttle slipped
4g8.0 6224 .36 187.7 part way closed during
51.0 6217 o6l 189.5 rn.
53.5 6331 N 188,7
;7.0 6386 66.22 190.5

50.5 6541 .51 196.5
62.5 6o .80 198.2
6.0 szgs 67.08 200.9
69.5 6612 .aﬁ 200,0
75.0 6668 . 201.8
715 6726 Qb 19,1
82.5 6765 68.22 200.0
86.0 6841 . 51
91.5 6900 «BO Left band rocket off.

Jots on at time N1.98.
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Page 21«4
FILY ANALYSIS Sheet No. 2,

A AIRPIANE IDENT.__ _ Pun 12,

LOGATION _lturoe Dry Inke ___DATE OF 1%ST Lo2delip
TIME OF DAY Oit TESY . _ 7110 A ANALYZED BY

Helpnt Dist. Tine Vel.
re.* Pt Sec. Yt/Ssc. Remarks

0 5167 3.03% 0 Start *True Elev. above ground, -

Laplh ] Mag L' aprarent elev. base.
3.35 Jets on  Line above sround has

616 . been added.
6165.5
o
1 B
6164

Trailing edre and top of
tail wsed as refersnce
points for distance and

. e
W oG

6161 helcht. « 16' above ground
at take~off, 11? above
lowest point at 50!
obstacle.

6157
6146
6131
6110
60485

-4 O\=3 on

6053
6017
5978
5935
588
583
5718
5718
5653
5582
gaos
0
2305
5263
521!
517
5129
5082
5036
4og7
Lg3g
L3gy
3336
78
lq;ll?
Lega
4631
h577.5
Lol
Liigq

Yl
4360

=~ = SO
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Page 23~
FILM AUALYSIS Sheet ¥o. 3.
AIRPIANE___ A-20-A __ AIRPLANE IDENT. Xn 19
LOCATICN__ lurnc Dry Lake  DATE OF TEST Leplelip -
PIME CP DAY OR TEST NO. _9i00 A,  AFALYZED BY

Heipht Diat. Time Vel.
rt. Ft. Jec. Ft/8eo. Remarics

o 6078.5 35.36 Stars.
Lggs Take=off read from flag.
35465 Jets on.
6075 36.20
6070 17
37.33
84

6o3l g.42
Gogl 3 .98
5987 .53
5961 0,08
. .60

1.15

68

ya,2
7
43,28
+80
Y3
«89
kg b2
+95
k6.35
u6.72
«98
47.25
-51
.18
4g.04
«30
55
.82 Tako=off read from film.
49,08
2
«39
0.1
P03
.69
128
> h

73
520m
.25
-51
.78
53.02
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* Fage 2h-a
Sheet No. 3 (Supp.)

Height Dist. Time Vel.
e, Ft. Sec. ¥%/Sec.

54,0 4203 .30 194.2
9.0 k12 193.5
3.5 i1y 197.1

58.5 Loyz 193.1

73.0 3996 5 200,0

175 304 60 204,9

8l.5 3891 203.8

86.5 3837 205.7

90.5 3784

3728 79.0

l&¢| Jot off,
Left jot off.




TIME OF DAY OR TEST KO. 9320 Az, ANALYZED BY

FIIM ANALYSIS

Page 25-A

! Sheet No. 4.

AIRVIAME__je20d  ATRPLANE DNST.___Bunzo,
LOCATION___Jaroq Dry lake DALE OF ugSt kep)oli

Helght Diet. Tine

rt.

Tt. Sec.

Vel.
Tt/Sec.

Remarks

0

6040 8.05

8.57
9.9
60

10,12

11.15
«67
12.20
.72
13.25
.76
14,28
<79
15.32
.82

~Nww
« s e
[ ]

Erb g 7Y 1Y
.
Gvd N1 £ ER I\

b ICATCAY =8 B8]
® s 8 0 6 0 8 »

-~

g28aa
VIOV W D0

58

Ssart. (See Hote)
Take~off read from flag.

Take<off read from film.




Fage 26-A
Sheet Fo. U4 ('ﬂpﬂo)

Vel.
Ft/Sec. Rermrke

17¢.2
17912
143,7
131,0
-132,0
184,0
18%.2
136.1
188.1
19%1
190,1
193.0
193,0
192,0
196,0
194,0
196-0
198.0
199,0
201.0
201.0
202,0
200, 0
201.0
20500
206.0

N\l &
=\ A

- O\ O\ =&
RIS PP SS ERS
£
VIO O U O\, oy

Oamera Started late,
Ssars caloulated as 6050
feet, 6.55 seconds.




Fage 27-4

FIL ANALYSIS
B - S Iz,
LOCATIO: '.‘hmg D:x hk! DATE op TEST

TI)E OF my OR THsr o,

sh“t lio, 5.

e TN

]"]5 P}, ANALYLED mY

Tl’l’ v.]. .

Sec. Ft/8¢c,
21.28

Digt,

Remarks

Take-ory Poad from fiim,

I il P




Tage 28-A
Sheet Yo, 5 ('ﬂ.pﬂ-)

i;l.
Fi/Sec.

15345
157,
159.& -
1544
15543
157.8
154 4
162.4
161.8
160.2
1€1.8
152.1
163.1
165.0
163.8
166.3
170.2
172.8
17h .8
176.5
175.5
174.0
174.8




neet tins Bs

nemarks.
L m——

P

% L]
kamof T
Jots one

poad from flage
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Page 31-A

FILY AXALYSIS

‘heet No. 7,
ALHP Lid - oy

fm 20
i 20

—

4eflas

Femarks,

tart.
Take~ofr

rond from flsg,




Shest No. 7 (Supp.)’

Telght Tist, e Vel.
180

Pt Fte 540 F

15,6 4“7 68,46  149y7
18 7 74 152.v
154 43¢ 2¥1 laied
1iew 38 87.24 15b.v
18,5 1y 61  16C,.
17.> 4278 78 108.3
18 & 68,01 1li..4
13 41v8 «37 198.4
204,86 28 «52  158,3
22 18 77 191.4
“P.0 4078 89,04 180,2
23.5 36 «28  1€2,1
24 503 B 163,7
856.6 61 «A0  182.5
26,8 [+ 70,06 188.8
27.8 a8 32 171.8
27.5 21 «57 173.3
2846 o2 172.3
28.5 34 71.07 172.3
Lo 71,83 170.6
Wew 88 17%,8
a1 o2 o84 173.8
TE.10  177.7
11 «38 178.6
81 178.4
18 87 182.2
78.12  181.2
27 37 181,2
o2 184.0
35 «88 163..
74.12 iu¥1,8
40 3% 182.5
Ive «85  180.0
47 o¥1  180.8
90 76.17 184,56
o523 187.4
4 68 1u7.4
¥4 10v.4
a7 76.20 1.0.2

«46 188

19 «70 192

896 191

77422 169

46

%]
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FIL ANALYSIS Sheet Yo. 8

ATRPLAE__Ae20eA—reee—? TRPLAYE 10T e
mﬂf—‘w_w_hl!—-—’”‘ﬁ oF st defledd e
PIIE CF DAY OR TEST N LD LR AVALYZE™ BY

Telmt  Dist. Iine Vol.
Tt. t. Sec. Ft/8ec. Remarks.

1345 60TH 58464 Start
GO 54410 Jeta on. ;
Take-off read from ing.

5“-5

so';’i

Tnke=n{f read fron filn




Page 3UeA

Sheat Va. 3 (Tuen.)

it
tl

17.5
1

w0 .0)
2.
e
2745
20

2.2
1
La.5
5345
Bi3.5
..
70.5
5.
2

T+
.5
107,

122 Right jet off,
1351.6 Left jat off.




Shest Yo. 9.
FIILM ANALYSIXS

AXRP LAR An20=A AIRPLAN. IDRNT, Run 28,
LOCATION  Muroe Ory Luks DAT® JF IEST o842
TIM: OF wY I Te3% 50 88BB A% AwlY VD BY

BIGRE lat.  Time  Vels
Ft. Fto 3ee.  Ft/sSes. Remarks.

] CO70.6 $8.16 13,5 start,
4087 Takeeoff read at flag.
8070 43.70 2.2

4 47.26 Vel
a0 .78 16,8
44 48,38 20.8
<90 26,2
4u,61 0.0
60.12 36.4
«70 40.8
51 « 30 468.9
0 . Bl.T
82,51 57.0
$8.12 82.1
.72 7.1
Bde30 78.7
82 76.2
65.47 81,3
58,07 85.5
«88 87.1
57.28 7178 1
«U0 100, 4
68.39 104.3
uB.a? 109.4
Shet8  113.5
80.13 118.8
0 123.6
61.26 126.1
432 130.8
§2.3¢ 134.8
wd 13yl
€3.47 1604
3402 145.5
68 149.1
GL.12  158.7
.87 187.2
75,94 156.8
78,20 15¥.4
a7 1A6.1
<74 184.8
Treds  1EH.T
29 16<.7
+58 .87.0




sheet

Oe ¥ |

uppe )

solznt
rt,

NOTAreg,

‘ako=off rand at ]y,

an beyond markers,




AIRL

_A=20ap

Noe 10.

Lot

FIL WLYS IS

AL L L0%T, pit .

158

LOCATION Hhrac o ﬂl 1axa DAT. Ot
F 0. !! Aoke ANALYZ

a3 4 ’."2.!9

} W

Iist.
rt.

Time
‘80,

Yel,
s L/ leo,.

Remarks,

17,
17,86
17.u

1€.5
16,

o bt pt bt b=t Bt Db Pub Pt Pt

6223

4280

6005
)3

1
-

Ju
L1332
Q

14
778

M

0826

4G
W33
24
3362

5234 -
5168
5uu8
2028
4543
4874

4759
LYY,
4€72
4534
40D
450
44}.
4474

«qu
4244
4243

420

48000

44.12
«37
45, %8
46.2%
«81
47487
.90
48443
U6

s ol
o

.70
31.88
W66
2.42
53,00
66
M4.13
«68
55.25
55.82
L"!.ss
.92
7.4€
«76
3.8
.31
U
W12
.41
63
LR X

"Gl

Tranc = start aol eaight by camera.

flag,

iirst
‘akowoff read fro

wie
44.7
A 11
028
el
€0.6
1.0
723

78.4

$5.7
100.4
105.3
104.2
113.7
118.2
123,0

=af[ read from film.




Sheet Nos 10 {(3upp.)

m-—?ﬁﬁ-—mt-—
Ft. Fto see. Ft/ea. Pomaris.

20.0 4072 - 62,11 1ub.4
21.9 4027 .28 187.2
22.0 85.03 85 168.2
28.8 3980 91 182.8
25.0 38u2 82.18 170.68
2645 3840 48  172.b
27.6 3791 74 173.4
0.3 3780 84,00 17he¥
1.5 3708 27 178.1
3.6 3860 .63 180.0
3B.5 3810 J9 180.8
87.5 3561 86,08 180.0
40.v 3816 .31 182.9
42,0 3487 68.88 178,5
48,0 3418 «84 1807
47,8 3870 88,12 165.2
f-l.O 3'16 -‘o 1'3-'
68.0 3287 .66 186.Y
K7.8 3218 .48 164,60
82,0 170 67.14 187.6
82,0 3120 46 190.4
8d.0 3070 W71 192.3
, GiteB N0 97 1.4
7045 2470 88.23% 1845
73.0 2922 40 1u2.4
16.0 2871 78 191.8
7149 2818 89,08 194,83
79.8 2187 29 198.2
81,8 2718 +06 198.2
84.6 2688 .81 .
88.0 2618 70.08 Stars caloulated as 4istanoe 6066,
tiwe 40.47.




P IL

NALYS I

1

Sheet Noe 1ll.

A=20eA ATE LAl IoTNIW& Ran 27.
sarag Spe take CATE OF TRST 220049
T N0 5443 Aaila, ALY B y

Tine
30cC.

"é‘o
t/iec.

ewarks.

P
-

17.6
17.5
17.6
17.6
17.5

17.0
16,0

18,
1a.6

4314
4771

472¢

17.71

17.71
18,22
o1
10.60
20,08
.66
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